. The distribution of HPV genotypes in Asia is heterogeneous, probably because of the broad geographical and cultural diversity of Asian populations (Clifford et al., 2006) . For example, a high prevalence of HPV 58 (12.5%) previously identified in normal cervical cytology samples of women in Taiwan which was also observed in the East Asian populations (9.7%). However in India, the prevalence rate was lower (1.2%) (Liaw et al., 1997; . Human papillomavirus (HPV) has been established as a precursor of cervical cancer. HPV prophylactic vaccination hold great promise in reducing the global burden of cervical cancer with several countries already implementing this programme in school children including Malaysia (Harper et al., 2004) . Thus, the detection of HPV genotypes has become the main focus of cervical cancer prevention strategy (Schiffman et al., 2005) . Previous studies of multi-centre and meta-analyses provided information about HPV type distribution in Asia. However, results from the Asian region were limited in terms of geographic coverage and status of the cervical lesion (Clifford et al., 2003; Munoz et al., 2003) .
Information on the HPV genotype status in Malaysia is required for the government in public health to decide which HPV genotype to be considered in the prophylactic vaccine. The development of new second-generation HPV prophylactic vaccines will likely to include additional high risk genotype, in addition to HPV 16 and 18 (Domingo et al., 2008) . The aim of this study was to determine the prevalence and distribution of high-risk HPV (HR-HPV) genotypes in cervical cancer in our multi-ethnic population in Malaysia. This finding will enable us to decide which HPV vaccine is most suitable against cervical cancer in our population.
Materials and Methods

Sample collection
This is a multi-centre, retrospective study using paraffin-embedded tissue biopsies of 280 patients diagnosed with cervical cancer (ICC) from Universiti Kebangsaan Malaysia Medical Centre (UKMMC), Hospital Kuala Lumpur (HKL), Hospital Tengku Ampuan Rahimah (HTAR), Hospital Alor Setar (HAS) and Hospital Kota Bharu (HKB) for a period of 9 years. All cases were histopathologically confirmed cervical carcinoma, consisting of 197 squamous cell carcinoma (SCC) and 83 adenocarcinoma (ADC). Relevant clinical data were retrieved from the laboratory information system and hospital records of the respective hospitals.
Sample processing
Eight micrometer (µm) thick sections were cut from the paraffin embedded tissue block. Gloves and blades were changed during sectioning to avoid cross contamination between samples. DNA was extracted using DNeasy Blood and Tissue Kit (QIAGEN, Germany, Catalog No. 69506) . Tissue sections were deparaffinised using xylene and alcohol according to the manufacturer's protocol. Samples were lysed using proteinase K. Lysates were loaded into DNeasy spin columns. After two washings, pure DNA was eluted in low salt buffer. Presence of DNA was determined by 1% agarose gel electrophoresis. The optical density (OD) was measured using ND-1000 spectrophotometer (NanoDrop, Wilmington, DE, USA) to determine the purity and concentration of DNA within a ratio of 1.7 to 2.0. The extracted DNA was stored in -20 °C until further analysis using quantitative real-time polymerase chain reaction (RT-PCR).
High-risk HPV genotyping
HPV genotyping was carried out using SACACE HPV High Risk Typing Real-TM kit (SACACE, Italy, Catalog No. TV26-100FRT). This kit is an in vitro Real-time amplification test for qualitative detection and genotyping of 12 HR-HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) which contained the E7 target region. It contains four PCR-mix tubes each of which contain primers directed against regions of three HPV genotypes and the α-Globin gene as an internal control. Multiplex amplification reaction was performed in a volume of 13 μl containing 8 μl of reaction mix (PCR-mix-1, PCRbuffer FRT, Hot Start DNA Polymerase) and 5 μl of DNA sample. The reaction was carried out for 45 cycles, under the following conditions: 15min at 95ºC, 20 sec at 95ºC and 60 sec at 60ºC using Real-Time PCR STRATAGENE MX3000P (Stratagene, La Jolla, CA). Data obtained from Real-time PCR was then analysed by a software (Microsoft ® Excel HPV Typing Real-Time MX Results Matrix.xls) provided by the SACACE kit.
Statistical analysis
Chi-square (χ 2 ) test were performed using the SPSS statistical software package version 12 to determine the relationship between HPV genotype and other parameters (age, ethnic group and histological type). The p value of <0.05 is considered as statistically significance.
Results
A total of 280 cases of cervical cancer (197 SCC and 83 ADC) were analysed. HPV was detected in 92.5% of the cases (95.9% in SCC and 84.3% in ADC) (p<0.05). The mean age of patients was 55.8 years and the age range was 24 to 88 years. The highest number of HPV positive cases was noted to be in the ≤39 years age group (95.2%). The prevalence of HPV was highest in the Chinese (95.5%), followed by Malays (91.9%) and Indian (80%) ( Table 1) . HPV 16 (68.2%) was the commonest genotype detected followed by HPV 18 (40.0%), 58 (10.7%), 52 (10.4%), 33 (10.4%), 45 (9.6%), 39 (7.5%), 56 (7.1%), 59 (5.7%), 51 (2.5%), 35 (1.4%) and 31 (0.7%) (Figure 1 ). In SCC, HPV 16 was the commonest (76.6%) genotype detected followed by HPV 18 (35.0%), 58 (13.7%), 52 (12.7%), 33 (11.0%), 45 (9.6%) and 39 (8.1%) ( Table 2) . In ADC, HPV 18 (51.8%) was the commonest genotype detected followed by HPV 16 (48.2%), 56 (12.0%), 45 (9.6%), 33 (8.4%), 39 (6.0%), 52 (4.8%) and 58 (3.6%). SCC showed a higher prevalence of HPV 16 (76.6%) compared to ADC (48.2%) (p<0.001), whereas ADC showed a higher prevalence of HPV 18 (51.8%) compared to SCC (35%), (p<0.001) (Figure 2 ).
Multiple infections with at least 2 HPV genotypes were noted in 55.8% (156 of 280) (Figure 3 ). However, HPV 16 and 18 still remain the commonest genotypes in all ethnic groups. The percentage of HPV 16 infection was significantly higher in Chinese (75.9%) compared to Malays (63.7%) and Indian (52.0%) (p<0.05), while HPV 18 was significantly higher in Malays (52.6%) compared to Chinese (25.0%) and Indians (28%) (p<0.05). HPV 33 (17.9%) and 52 (15.2%) were also more commonly seen in Chinese (p<0.05).
Discussion
Our results showed a high prevalence of HPV infection in cervical cancer (92.5%) in Malaysia. Similarly, Schellekens et al. (2004) has also reported a high prevalence of HPV (95.9%) in cervical cancer in Indonesia (Schellekens et al., 2004) . The prevalence of HPV infection in Malaysia is the same as the estimated worldwide prevalence (85-99%) and is comparable to other Asian countries (Walboomers et al., 1999; Bao et al., 2008; de Sanjose et al., 2010) . The high prevalence of HPV that was consistently detected in cervical cancer, strengthened the previous conclusion that HPV infection is the primary causal agent for cervical cancer (Castellsague et al., 2006; Bao et al., 2008) .
Our study shows that the 5 commonest HPV genotypes in cervical cancer were HPV 16, 18, 58, 52 and 33. This is similar to the findings in Indonesia, Thailand, China, Hong Kong, Taiwan, Korea and Japan (Settheetham-Ishida et al., 2005; Bao et al., 2008) (Table 3 ). However it is slightly different when compared to US and Europe where it was reported as HPV 16, 18, 31, 45 and HPV 16, 18, 33 and 31, respectively (Smith et al., 2007) . While HPV 16 and 18 still remain the 2 commonest types across the world, the third and fourth HPV types differ across regions. Therefore, in Europe and US, HPV 45, 31 and 33 were the third, fourth and fifth commonest HPV genotypes while in Asia it was HPV 58, 52 and 33 (Bao et al., 2008) . This suggests that the distribution of different HPV genotype can differs in geographic distribution, study group selected and ethnic diversity.
HPV 16 and 18 are the two commonest HPV genotypes detected in this study (62.1%) which is similar to many other studies (Smith et al., 2007; Schiffman et al., 2009; Sharifah et al., 2009; . In Europe, North America and Oceania, the HPV 16 and 18 proportion is reported to be higher (74-77%) compared to Africa, Asia and South/ Central America (65-70%) (Bao et al., 2008) . In this study, the prevalence of combined HPV 16 and 18 genotypes was high in SCC (60.4%) and ADC (67.2%).
HPV 16 and 18 genotypes play a dominant role in cervical carcinogenesis worldwide. Bao et al. (2008) performed a meta-analysis of HPV genotyping in Asia and reported that there were eighteen HPV genotypes detected from cervical cancer, of which the 10 commonest HPV genotypes were HPV 16, 18, 58, 52, 33, 45, 31, 35, 39 and 51 . Comparing these data with the current study, HPV 58 (10.7%), 52 (10.4%) and 33 (10.4%) were the 3 commonest HPV genotypes after HPV 16 and 18. Our results therefore indicate that HPV 58, 52 and 33 might 
